leucine in addition to isoleucine and valine for normal growth, whereas the known mutants deficient in transaminase B require only isoleucine, and those deficient in the dehydratase require isoleucine and valine. Genetic transduction studies to elucidate the mutated regions in these former strains were not feasible because they were derived from a rough-type parent and were unable to adsorb P 22-transducing phage. Therefore, a number of new ilv multisite mutants derived from wild-type (LT 2) and ilvD 18 strains of Salmonella typhimurium LT 2 were isolated.
Biochemical and transductional analyses were carried out on the newly isolated strains and the results are presented in this communication.
MATERIALS AND METHODS

Bacterial strains:
The wild-type strain of Salmonella typhimurium LT 2 was obtained from Dr. T. Iino, and ilvD 18 (a, R-dihydroxyacid dehydratase deficient) and ilvE 13 (transaminase B deficient) from Dr. F. B. Armstrong (Armstrong and Wagner 1964; Elliott and Armstrong 1968; Armstrong and Ishiwa 1971) . Isolation of mutants:
KA and KD strains that require isoleucine, valine and leucine for growth were isolated by treating 1) the wild-type strain (LT 2) with N-methyl-N'-nitro-N-nitrosoguanidine (Kiritani and Inuzuka 1970) , and 2) ilvD 18 with UV by the method described previously (Kiritani, Matsuno and Ikeda 1965) . To eliminate mutants which have a genetic block in the biosynthesis of leucine in addition to that of isoleucine and valine (ilv and leu double mutants), the isolated mutants were transduced with wildtype phage, and mutants which produced Leu-transductants were discarded. Transduction experiments were carried out following the method described by Armstrong and Wagner (1964) .
11e -and Ilv-strains were isolated from KA and KD strains by transduction with wild-type strain as donor, and subsequent plating on minimal agar medium supplemented with isoleucine and valine.
To avoid background growth of recipients, phage-infected cells were centrifuged, washed once with saline, resuspended in saline, and then plated. The plates were incubated for 48 hrs at 37°. Growth requirement for individual trans-ductants were determined by replica plating. All the strains isolated as transductants were lysogenic for P 22 phage.
Amino acid supplementation (per ml) of minimal medium was as follows: 10 pg for L-leucine ; 10 pg for L-isoleucine ; 20 pg for L-valine.
Cotransduction tests with Ile-strains as donor: For these studies KA and KD strains were used as recipients.
Multistep lysates of P 22 phages grown on ilvE 13 strain or UV-induced lysates of isolated 11e -strains were prepared in nutrient broth and stored at 4° in tubes over chloroform.
Recipient bateria in early stationary phase (OD5sonm= 0.7-0.9) were transduced using the lysate of Ile-strain, and plated on minimal medium containing isoleucine, then incubated for 48 hrs at 37°. To score number of wild-type recombinants and total number of recombinants, recombinant colonies formed were replicated on minimal medium and medium containing isoleucine, and incubated for 24 hrs at 37°.
Growth experiments:
The method for measuring generation time was described previously (Kiritani, Matsuno and Ikeda 1965) . For growth experiments utilizing the Ile-strains, bacteria grown overnight in 10 ml minimal medium containing leucine, isoleucine and valine were centrifuged, washed once with saline, and resuspended in 1 ml saline.
One tenth ml of the suspension was transferred to 10 ml of fresh medium containing leucine, isoleucine and valine, alone or in combinations, and the mixture was grown at 37° on a reciprocal shaker. The growth was followed by the measurement of optical density at 660 nm.
Paper chromatographic analysis of hydrazones: Determination of the 2, 4-dinitrophenylhydrazones of a-keto acids by paper chromatography was carried out according to the method of Kuwana and Wagner (1969) .
Isolation and purification of the hydrazone of a-keto-j3-methylvalerate: To isolate aketo acids accumulated in culture medium of Ile-strain, the method described by Wagner and Bergquist (1955) was used with slight modification. Washed cells, collected from an overnight culture grown in 20 ml of minimal medium containing leucine, isoleucine and valine, were transferred to 21 indicated medium, and grown on a reciprocal shaker. Glucose content in the medium was increased from the usual 0.1% to 0.5%. After 24 hrs of growth, 800 ml of saturated solution of 2, 4-dinitrophenylhydrazine in 2 N HCl was added.
After 20 minutes, hydrazones of a-keto acids were extracted with 500 ml of ethylacetate, and then evaporated to dryness in a flash-evaporater. An activated alumina column (2 X 16 cm) was prepared with ethylacetate as the liquid component.
As the activated alumina, 50 g of aluminumoxide (neutral, grade I of M. Woelm-Eschwege Co.) were used after being depolarized with 3 ml distilled water. Crystals of hydrazones, suspended in a small amount of ethylacetate, were added to the column. Fractionation of the hydrazones was carried out by successive elution with 100 ml ethylacetate, 50 ml of ethylacetate-95% ethanol mixture (1: 4 v/v), 50 ml of ethanol, 350 to 400 ml of ethanolpotassium phosphate buffer (0.05 M, pH 7.8) mixture (3: 1 v/v), 150 to 200 ml of ethanolpotassium phosphate buffer (1: 1 v/v), and 100 ml of potassium phosphate buffer. Hydrazones of a-keto acids in each 50 ml fraction were identified by paper chromatography using No. 50 filter paper with a solvent, butanol-ethanol-0.5 N NH4OH (7: 1: 2 v Jv) . Desired fractions were combined and evaporated to dryness in vacuo. The remaining crystals were recrystallized twice in ethanol solution, then dissolved in distilled water, and precipitated by addition of 1 N HCI. The precipitates were filtered and reprecipitated in ethanol solution by adding sufficient distilled water.
The yellow crystals were filtered and dried in vacuo.
Enzyme assays: Methods for determination of enzyme activities as well as the method for preparation of cell-free extracts were described in the previous report (Kiritani and Inuzuka 1970) .
RESULTS
Properties of KA and KD mutants
Of the twenty-eight KA strains isolated from wild-type strain, twelve possess mutational sites that are cotransducible with wild-type strain as donor.
As shown in Table 1 , seven of the strains, KA 102, KA 107, KA 109, KA 111, KA 112, KA 116 and KA 119, lack both a, Q-dihydroxyacid dehydratase and transaminase B activities, and the KA 109 is also deficient in threonine dehydratase activity.
The nature of the genetic defects in remaining five KA strains are unknown.
Three strains, KD 101, KD 202 and KD 302, of fifty multisite mutants obtained from ilvD 18 lack in transaminase B activity in addition to the original deficiency of a, 9-dihydroxyacid dehydratase activity. Growth of these strains, except KA 116 and KA 119, in minimal medium containing leucine, isoleucine and valine are comparable to that of wild-type.
The KA 116 and KA 119 strains grow slowly Table 1 . Enzyme activities in cell-free extracts of KA and KD strains* in the medium; further addition of 0.01 pg pantothenate per ml stimulates the growth of KA 116 strain, but not that of KA 119 strain.
All these mutants except KA 119 can grow in minimal medium containing 10 pg L-isoleucine and 0.2 mg a-ketoisovalerate per ml at a rate of 2 to 5 hrs in generation time. No reversion to wild-type was recorded when 108 cells were seeded on minimal agar medium.
Cotransduction of 11e-and llv-markers
The ilv loci controlling threonine dehydratase (ilvA), a, Q-dihydroxyacid dehydratase (ilvD) and transaminase B (ilvE) are located in the ilv cluster region of the chromosome; the order of the ilv loci is ilvA-ilvD-ilvE (Armstrong and Wagner 1964) . If the KA and KD mutants contain multisite mutations that correspond to this multiple enzyme deficiencies, then a high frequency of contransduction for mutational sites of these strains is expected. Table 2 presents the percentages for cotransduction of the Ile-and I1v-' markers in crosses with wild-type strain as donor.
The percentage of Cotransduction is at least 83%. Although experiments were repeated several times, no 11e -transductants were obtained in crosses with strains KA 111 and KA 112; and no Ile~ or Ilvtransductant with strain KA 116. In general the recombination frequencies in the crosses varied from 1 X 10-s to 1 x 10-8 per recipient cell.
Enzyme activities in cell-free extracts of lie-and llv-strains Several 11e -and Ilv-recombinants obtained by transduction were used to investigate further the nature of ilvE mutants.
As shown in were induced by treatment of a mutagenic agent, such as diethylsulf ate, 2-aminopurine or N-methyl-N'-nitro-N-nitrosoguanidine.
Growth of lie-mutants As shown in Table 4 , growth of all Ile-mutants except DT 202 is slow in minimal medium containing isoleucine.
The growth of these bacteria, comparable to that of wild-type, is attained by additional supplementation with leucine and valine, though leucine can be omitted from the culture of ilvE 13. DT 202 is a leaky mutant as indicated by the activity of transaminase B and slow growth on minimal medium. Definite generation time of TR 109 and DT 101 strains cannot be ascertained in minimal medium containing isoleucine, or isoleucine and valine, because the growth rate of these strains varies over a wide range, depending on conditions of culture such as initial concentration of bacteria and age of the culture. Figure 1 shows that dilution of these bacteria, precultured in minimal medium containing isoleucine, or isoleucine and valine, to new identical medium reduces markedly the growth rate, although full growth is attained after prolonged cultivation.
The dilution effect is absent in minimal medium containing leucine, isoleucine and valine.
Furthermore, colony formers of DT 101 strain on minimal medium supplemented with isoleucine are 40 to 45% of the viable cells after 96 hrs incubation, and the percentage varies with TR 109 strain. Although the other 11e strains do not reveal these phenomena, no growth response of TR 107 and DT 302 strains in minimal medium containing isoleucine, or isoleucine and valine, is sometimes noticed when transferred from nutrient agar slants.
Accumulation of a-keto acids by Ile-strains According to the report of Wagner and Bergquist (1960) , strain ilvE 13 (ilvC 13 in that report) accumulates a-ketoisovalerate (precursor of valine), pyruvate and an unknown a-keto acid, but not a-keto-S-methylvalerate (precursor of isoleucine). It is of interest to determine whether the 11e -strains isolated possess similar properties.
By examining paper chromatograms of the hydrazones of a-keto acids, it was found that all Ile-strains Table 5 presents results obtained during purification of the 2, 4-dinitrophenylhydrazone of a-keto-j3-methylvalerate; the a-keto acid is accumulated by TR 102 strain.
Majority of the unknown a-keto acid (RI =0.9) together with unreacted hydrazine is eluted in the ethylacetate fraction, a-keto-p-methylvalerate in the ethanol-buffer fractions, and pyruvate in the buffer fractions. In any fraction, no spot corresponding to the hydrazone of a-ketoisovalerate was detected on the paper chromatogram.
In general, 0.4 to 0.7 mmoles of the hydrazone of a-keto-43-methylvalerate were isolated as pure crystals.
The melting point for the pure crystals from all Ile-strains was 172-175°, which agreed with that of the hydrazone of a-keto-j3- Stumpf and Green (1944) , and Wagner and Bergquist (1955) for this compound. No depression of melting point was noted on mixing the isolated and known samples.
The infra-red absorption patterns for these isolated hydrazones were superposable on the pattern obtained with the hydrazone of a-keto-ji-methylvalerate.
The absorption pattern possesses peaks 3220 and 3110 nm for -OH, at 1670 nm for -COOH, and at 1618 and 1604 nm for -C=N-.
The ilvE 13 strain was also grown in minimal medium containing leucine, isoleucine and valine, expecting accumulation of a-ketoisovalerate and a-ketoisocaproate as well as a-keto-j3-methylvalerate. Even though purification was carried out from fractions which contain the hydrazone of a-ketoisovalerate, the hydrazone was not detected.
It should be noted that 3.44 mmoles of the hydrazone of a-keto-~-methylvalerate were obtained from the culture as pure crystals.
lie-mutational sites in ilvE locus
In order to analyze the linkage relationships among Ile-mutational sites within the ilvE locus, reciprocal cotransduction tests were carried out using KA and KD strains as recipients and Ile-strains as donors.
Since the percentages of cotransductants (Ile+Ilv+) are high (Table 2) , and Ile-Ilv+ and Ile+Ilv-recombinants require different growth factors, it is possible to determine order of 11e mutational sites within ilvE locus by the reciprocal cotransduction tests.
As seen in Fig. 2 , wild-type recombinants will be more frequent when Ilea site of donor resides outside of IIv--Ileb-region of recipient (Fig. 2b) than when it locates inside of the region (Fig. 2a) . Results are presented in Table 6 . In general, frequencies of total recombinants in these crosses varied from 1X 10 to 1 x 10-8 per recipient cell. Total number of recombinants listed for each recipient strain represents the cumulative totals from a series of tests. Selfers were found in selfing crosses of 101 and 107 strains.
Comparing two values for frequency of wildtype recombinants obtained from reciprocal crosses between certain two strains, strains are arranged in order and listed in Table 6 . Thus, low values of the frequency obtained from reciprocal crosses are positioned in upper lines of results derived from selfing crosses, and the high in lower lines. Exception of this rule is found in the reciprocal crosses between 101 and 10'9 strains, although the two values for percentage of wild-type recombinants are resembled each other. Results of crosses with DT 202 strain as donor were often disturbed by leaky growth of donor-type recombinants on minimal agar plates. Even though replica plates of these particular crosses were examined after 15 hrs incubation instead of routine 24 hrs, frequencies of wild-type recombinants were generally higher than that given from the other crosses. Assuming that strains KA 111, KA 112, KA 116 and KA 119 each contains a mutational site in the ilvE locus, crosses have also been made with 11e -strains as donors.
The mutational sites of these strains in the ilvE locus tentatively arranged following percentage of wild-type recombinants obtained from crosses with ilvE 13 strain as donor; the site of the ilvE 13 was located at the distal end from the ilvD locus. It can be said that these Ile-sites are linked closely each other; the sites in KA 112 and KA 116 strains appear to be separated from the cluster of the other 11e -sites. A tentative map of mutational sites in the ilvE locus is presented in Fig. 3 .
DISCUSSION
New ilv multisite mutant strains were isolated from wild-type and ilvD 18 strains of Salmonella typhimurium LT 2. From several strains, 11e -(transaminase B deficient) and Ilv-(a, S-dihydroxyacid dehydratase deficient) strains were isolated by transduction. The 11e -trait of isolated transaminase B-deficient mutants with respect to the growth requirement is analogous to that of the ilvE mutants in Escherichia coli described by Rudman and Meister (1953) and in Salmonella typhimurium by Wagner and Bergquist (1960) . Although transaminase B catalyses the last step in the biosyntheses of leucine, isoleucine and valine, the production of leucine and valine can also be catalyzed partially by aromatic amino acid transaminase and alanine aminotransferase, respectively (Rudman and Meister 1953) . Because KA and KD strains require leucine, isoleucine and valine as growth factors, it appears that the production of a-ketoisovalerate is limiting in these strains (Kiritani and Inuzuka 1970) . This notion is supported by the fact that KA and KD strains are able to grow in minimal medium containing isoleucine and a-ketoisovalerate.
Although TR 109 and DT 101 strains were isolated as isoleucine requirers, slow and irregular growth was often noticed in minimal medium containing isoleucine, and additional supplementation with leucine and valine was needed to restore the normal growth. These strains might be comparable to the transaminase B-deficient strain described by Ramakrishnan and Adelberg (1965) as leucine-isoleucine-valine ilvE mutant of Escherichia coli.
Among the precursors of leucine, isoleucine and valine, only a-keto-j3-methylvalerate (precursor of isoleucine), as well as pyruvate, were detected in the culture media of transaminase B-deficient (or altered) mutants. These results do not necessarily mean that ilvE mutants are not synthesizing a-ketoisovalerate in vivo, because the mutants require isoleucine as a sole growth factor.
Even though 2, 4-dinitrophenylhydrazone of the a-ketoisovalerate has not been found by fractionation of hydrazones, there is still a possibility that the a-ketoisovalerate, which exists as a minor product in the bacterial cell, may have been lost during purification.
Contrary to this communication, Wagner and Bergquist (1960) reported that ilvE 13 (ilvC 13 in that report) accumulated a-ketoisovalerate, as well as pyruvate in minimal medium containing isoleucine, or isoleucine and valine, but not a-keto-S-methylvalerate.
To identify a-ketoisovalerate in the culture medium, they separated the 2, 4-dinitrophenylhydrazones by paper chromatography, then identified a-ketoisovalerate by the X-ray diffraction pattern of its hydrazone. At present, there is no explanation for discrepancy noted between the results so far obtained by the two laboratories.
Genetic mapping of mutational sites in the ilvE locus was carried out by reciprocal three-point crosses between ilv multisite mutant requiring the three amino acids as recipient and transaminase B-deficient mutant requiring isoleucine as donor. The frequencies of wild-type recombinants in the reciprocal crosses of all available combinations agree well with the arrangement of 11e -mutational sites as suggested in Fig. 2 . Since the Ilv-mutational sites in the ilvD locus of recipient strains are not mapped, the Ilesites in the ilvE locus cannot be arranged directly by comparing the frequency of wildtype recombinants derived from a double crossover. It should be noted that the Ilesites of all strains in the ilvE locus are closely linked.
SUMMARY
Ten ilv multisite mutants deficient in both branched-chain-amino-acid aminotransferase and a, /3-dihydroxyacid dehydratase activities were isolated from wild-type and ilvD18 strains Salmonella typhimurium LT2. One of these mutants, KA109, harbors an additional deficiency in the activity of the reductoisomerase.
From these mutants, five lie-strains possessing a defect in the branched-chain-amino-acid aminotransferase were isolated by P22 transduction.
The TR109 and DT101 strains (Ile-) grow slow and irregular in minimal medium containing isoleucine unless supplementation with leucine and valine in the medium is made. All Ile-strains accumulate a-keto-3-methylvalerate as well as pyruvate and an unknown a-keto acid in the culture media ; a-ketoisovalerate and a-ketoisocaproate have not been detected. By mutual and reciprocal cotransduction tests using ilv multisite mutant as recipient and Ile-mutant as donor, an arrangement of the Ile-mutational sites in ilvE locus was obtained.
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